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© Semiconductor device for use in a hybrid LSI circuit 



© A semiconductor device for use in a hybrid LSI 
circuit is disclosed which comprises MOSFETs and 
at least two bipolar transistor -- all formed on the 
same semiconductor substrate. More specifically, P 
*-type buried diffusion layers (66) and P -type 
buried diffusion layers (68) are formed on a P-type 
semiconductor substrate (60). An N-type epitaxial 
layer (70) is formed on these buried layers (66, 68). 
2 N-type well-regions (72a. 72b) and a P-type well- 



region (74) are formed in the selected portions of the 
N-type epitaxial layer (70): A P-channel MOSFET 
and an N-channel MOSFET are formed in the N-type 
well-region (72a) and the P-type well-region (74), 
respectively. A first bipolar transistor is formed on 
the N-type epitaxial layer (70). A second bipolar 
transistor is formed on the N-type well-region (72b) 
which has an impurity concentration higher than that 
of the N-type epitaxial layer (70). 
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The present invention relates to a semiconduc- 
tor device which is designed for use in a a hybrid 
LSI (Large-Scale Integrated) circuit, and which 
comprises bipolar transistors and a MOSFET, and 
more particularly a semiconductor device which 
comprises bipolar transistors and a MOSFET 
whose characteristic remains unchanged, and 
which is therefore greatly resistant to soft errors. 

Semiconductor devices have been used, each 
of which can be used for constituting a hybrid LSI 
(Large-Scale Integrated) circuit and comprises bi- 
polar transistors and MOSFETs. 

Fig. 1 is a sectional view illustrating a conven- 
tional semiconductor device for use in a hybrid LSI 
circuit This device which comprises a bipolar tran- 
sistor and two MOSFETs. As this fiqure shows, a 
N*-type buried layer 12 and a P*-type buried 
diffusion layer 14, both having a high impurity 
concentration, are formed in a P-type silicon sub- 
strate 10. A P-type epitaxial layer 16 is also formed 
on the P-type silicon substrate 10. N-type well- 
regions 18a and 18b are formed in those portions 
of the P-type epitaxial layer 16 which are located 
on the N*-type buried layer 12. The first P-channel 
MOSFET and the bipolar transistor are formed in 
the N-type well-regions 18a and 18b, respectively. 
A P-type well-region 20 is formed in that portion of 
the P-type epitaxial layer 16 which is located on 
the P*-type buried layer 14 and in which a field 
oxide film 22 is formed. The field oxide film 22 
functions as an element-isolating region. 

P-type source/drain regions 24 are formed in 
the N-type well-region 18a in which the P-channel 
MOSFET is formed. That portion of the N-type 
well-region 18a, which is located between the P- 
type source/drain regions 24, is a channel region. A 
gate-oxide film 26 is formed on this channel region, 
and a gate electrode 28 is formed on the gate- 
oxide film 26. An insulating film 30 is formed on 
the sides of the gate-oxide film 26 and the gate 
electrode 28, and is used as a side-wall spacer. 

N-type source/drain regions 32 are formed in 
the P-type well-region 20 in which the second N- 
channel MOSFET is formed. The second N-chan- 
nel MOSFET is of the so-called LDD structure, and 
its source an drain have a high breakdown voltage. 
Thus, as is evident from Rg. 1 , N~-type 
source/drain regions 34 having a low impurity con- 
centration are formed in contact with the N-type 
source/drain regions 32. respectively. That portion 
of the P-type well-region 20 which is located be- 
tween the N~-type source/drain regions 34 is a 
channel region. A gate-oxide film 26 is formed on 
this channel region, and a gate electrode 28 is 
formed on the gate-oxide film 26. An insulating film 
30 is formed on the sides of the gate-oxide film 26 
and the gate electrode 28. and is used as a side- 
wall spacer. Also, a P~-type inversion-preventing 



layer 36 having a low impurity concentration is 
formed below the field oxide film 22 formed in the 
surface of the P-type well-region 20. 

The N-type well-region 18b, in which the bi- 
5 polar transistor is formed, functions as the collector 
of this bipolar transistor. A P*-type external base 
region 38, which has a high impurity concentration, 
is formed in the N-type well-region 18b. A P-type 
internal base region 40 is formed also in the N-type 
70 well-region 18b. The region 40 contacts with the 
P*-type external base region 38. An N-type emitter 
region 42 is formed in a part of the P-type internal 
base region 40. An emitter electrode 44 made of 
polysilicon is formed on the N-type emitter region 
75 42. As is shown in Rg. 1, an insulating film 46 
electrically isolates the emitter electrode 44 from 
the P-type internal base region 40. Also, an N + - 
type external collector region 48 is formed on one 
portion of the N*-type buried layer 12, in contact 
20 therewith. 

An inter-layer insulating film 50 is formed on 
the entire surface of the P-type epitaxial layer 16, 
including the element-forming regions in which the 
bipolar transistor, the P-channel MOSFET and the 
25 N-type MOSFET. Source/drain electrodes 52, both 
made of aluminum, are formed on those portions of 
the film 50 which are located on the P-type 
source/drain region 24 of the P-channel MOSFET 
and the N-type source/drain region 32 of the N- 
30 channel MOSFET. These electrodes 52 extend 
through contact holes made in the inter-layer in- 
sulating film 50 and are electrically connected to 
the source/drain regions 24 and 32, respectively. 
An emitter electrode 54, also made of aluminum, is 
35 formed on that portion of the film 50 which is 
located on the emitter 44 of the bipolar transistor. 
This electrode 54 extends through a contact hole 
made in the film 50 and is electrically connected to 
the emitter 44. A collector electrode 56, also made 
40 of aluminum, is formed on that portion of the film 
50 which is located on the N*-type external collec- 
tor region 48. The collector electrode 56 extends 
through a contact hole cut in the film 50 and is 
electrically connected to the external collector re- 
45 gion 48. 

The conventional semiconductor device de- 
scribed above has an N-type well-regions 18a and 
18b in the P-type epitaxial layer 16, so that a P- 
channel MOSFET and a bipolar transistor are 
so formed in these N-type well-regions 18a and 18b, 
respectively. To simplify the process of manufac- 
turing the semiconductor device, those portions of 
the layer 16 which correspond to the welhregions 
18a and 18b simultaneously undergo impurity-ion 
55 injection, and also simultaneously undergo impurity 
diffusion. 

Fig. 2 is a graph which represents the impurity- 
concentration profile of the N-type well-regions 18a 
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and 18b of the prior-art semiconductor device, in 
which the P-channel MOSFET and the bipolar tran- 
sistor are formed, respectively. As can be clearly 
understood from the graph of Rg. 2. the N-type 
regions 18a and 18b have an identical impurity- 
concentration profile. The well-region 18a, which 
the P-channel MOSFET is formed, has a impurity 
concentration high enough to suppress the so- 
called "short-channel effect" resulting from the 
micro-processing of the P-channel MOSFET. Since 
the well-region 18b is formed along with the well- 
region 18a, in the same step, it also has a high 
impurity concentration. Hence, the collector of the 
bipolar transistor, which is formed in the well-region 
18b ? also has a high impurity concentration. 

The higher the impurity concentration of the 
collector of the bipolar transistor, the higher the 
cutoff frequency f T of the bipolar transistor, which is 
a fundamental property of a bipolar transistor. 
Thus, the high-frequency characteristic of the bi- 
polar transistor is improved in proportion to the 
cutoff frequency f T - However, the higher the impu- 
rity concentration of the collector, the \p^^3^ 
base-collector breakdown voltage and the 

early voltage V AF of the bipo!jg1transistor. In other 
words, the breakdown voltage of the bipolar transis- 
tor decreases in inverse proportion to the cutoff 
frequency fT- So do the amplification factor and 
linear characteristic of the bipolar transistor. 

As has been described, the N-type well-regions 
18a and 18b are formed by diffusing an N-type 
impurity into the P-type epitaxial layer 16. When 
the P-type epitaxial layer 16 is heated at high 
temperature for a long time to impart a sufficiently 
high impurity concentration to, particularly, the 
well-region 18a, the impurity concentration of the 
P*-type buried diffusion layer 14 inevitably de- 
creases. Consequently, the buried diffusion layer 
14 cannot completely prevent a punch-through be- 
tween the N-type well-regions 18a and 18b. 

Rg. 3 is a graph representing the impurity- 
concentration profile of the P-type well-region 20 in 
which the N-channel MOSFET is formed. As is 
evident from this figure, the concentration of the P- 
type impurity in the P*-type buried diffusion layer 
14 decreases toward the substrate 10. This is be- 
cause the P-type impurity diffuses from the layer 
14 into the P-type well-region 20 which is located 
on the layer 14 and has a impurity concentration 
lower than that of the buried layer 14. As a result, 
the impurity concentration of the P-type well-region 
20 increases in excess, inevitably altering the char- 
acteristic of the N-channel MOSFET formed in the 
P-type well-region 20. 

When a number of semiconductor devices 
identical to the device described above are used, 
together with other components, thus constituting a 
memory LSI, the impurity concentration of each 



P*-type buried layer 14 will becomes almost the 
same as that of the P-type silicon substrate 10. 
This implies that the memory LSI is likely to have 
soft errors due to the a-rays generated by the 
s fission of uranium contained, in a very small 
amount, in the package material of the memory 
LSI. 

Accordingly it is an object of the present inven- 
tion to provide a semiconductor device which is 

to designed for use in a hybrid LSI circuit and which 
comprises bipolar transistors and a MOSFET, and 
more particularly a semiconductor device which 
comprises bipolar transistors having a high cutoff 
frequency, and a high base-collector breakdown 

T5 voltage and high early voltage, and a MOSFET 
formed on the same substrate as the bipolar tran- 
sistor and having characteristics remaining un- 
changed despite of the impurity diffusion from a 
punch-through preventing P*-type buried layer, 

20 and which is therefore is greatly resistant to soft 
errors. 

Anc^" J ^_ ^-^n-^aspect of the present inven- 
-ciuTiT^TerTls^rovided a semiconductor device for 
use in a hybrid LSI circuit, said device comprising: 
25 a semiconductor substrate of a first conductivity 
type; a MOSFETfhavirig a buried layer of a speci- 
fied conductivity type formed on the semiconductor 
substrate, a well-region of the same conductivity 
type as the buried layer and formed in the buried 
30 layer, a current path having two ends, and a control 
electrode; and at least two bipolar transistors 
formed on said semiconductor substrate, located 
near said MOSFET, having a base, a collector, and 
an emitter each, and each comprising a buried 
35 layer of a second conductivity type, a well-region 
of the second conductivity type formed on the 
buried layer of the second conductivity type, and 
an epitaxial layer of the second conductivity type 
formed on the buried layer of the second con- 
40 ductivity type, the collectors of said bipolar transis- 
tors having different impurity concentration. 

Additional objects and advantages of the inven- 
tion will be set forth in the description which fol- 
lows, and in part will be obvious from the descrip- 
45 tion, or may be learned by practice of the inven- 
tion. The objects and advantages of the invention 
may be realized and obtained by means of the 
instrumentalities and combinations particularly 
pointed out in the appended claims, 
so This invention can be more fully understood 

from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

The accompanying drawings, which are incorpo- 
55 rated in and constitute a part of the specification, 
illustrate a presently preferred embodiment of the 
invention, and together with the general description 
given above and the detailed description of the 
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preferred embodiment given below, serve to ex- 
plain the principles of the invention. 

Fig. 1 is a sectional view showing a conven- 
tional semiconductor device designed for use in a 
hybrid LSI circuit and comprising one bipolar tran- 
sistor and two MOSFETs; 

Rg. 2 is a graph representing the impurity- 
concentration profile of the N-type well-regions of 
the device shown in Rg. 1, in which the bipolar 
transistor and the first MOSFET are formed, re- 
spectively; 

Rg. 3 is a graph representing the impurity- 
concentration profile of the P-type well-region of 
the device shown in Fig. 1, in which the second 
MOSFET is formed: 

Rgs. 4A through 4J are cross-sectional 
views, explaining how a semiconductor device ac- 
cording to an embodiment of the invention is man- 
ufactured which has at least two MOSFETs and at 
least two bipolar transistors; 

Rg. 5 is a graph representing the impurity- 
concentration profile of those N-type well-regions 
of the device shown in Rg. 4J f in which a P- 
channel MOSFET and a bipolar transistor are 
formed; 

Rg. 6 is a graph illustrating the impurity- 
concentration profile of that N-type epitaxial layer 
of the device shown in Rg. 4J t in which another 
bipolar transistor is formed; and 

Rg. 7 is a graph representing the impurity- 
concentration profile of that P-type well-region of 
the device shown in Rg. 4J, in which an N-channel 
MOSFET is formed. 

A semiconductor device according to an em- 
bodiment of the present invention will now be de- 
scribed, with reference to the accompanying draw- 
ings. The semiconductor device is designed for 
use in a hybrid LSI circuit and comprises bipolar 
transistors and MOSFETs. With reference to Rgs. 
4A to 4J, it will be explained how the semiconduc- 
tor device according to the invention is manufac- 
tured. 

Rrst as is shown in Rg. 4A, an oxide film 62 is 
formed on a P-type silicon substrate 60 having a 
crystal axis (100), by means of thermal oxidation. 
Then, the selected portions of the oxide film 62 are 
removed from the substrate 60 by means pho- 
tolithography using photoresist (hereinafter referred 
to as "photolithography"). The portions of the oxide 
film 62, remaining on the substrate 60, are pat- 
terned, thus forming a patterned oxide film having 
openings 64. An N-type impurity such as antimony 
(Sb) is diffused in vapor phase into the substrate 
60 through the openings 64 of the patterned oxide 
film, thereby forming N + -type buried layers 66 in 
the upper surface of the substrate 60. Alternatively, 
antimony or arsenic (As), which is also an N-type 
impurity, is either ion-injected or diffused into the 



substrate 60 through the openings 64 of the pat- 
terned oxide film, thus forming N*-type buried lay- 
ers 66. The N*-type buried layers 66 function as 
the collectors of the bipolar transistors. 
5 Next, as is shown in Fig. 4B, the oxide film 62 

(i.e., the pattern oxide film) is removed from the P- 
type silicon substrate 60. Thereafter, photoresist 
(not shown) is coated on the entire surface of the 
substrate 60, thus forming a photoresist layer. The 
10 photoresist layer is patterned by means of pho- 
tolithography, thus forming a patterned layer having 
openings. A P-type impurity such as boron (6) is 
ion-injected and diffused at the acceleration voltage 
of 100 KeV and the dose of 1.5 x 10 13 cm" 2 , into 
75 the substrate 60 through the openings of the pat- 
terned photoresist layer. As a result of this, P*-type 
buried diffusion layers 68 are formed in the upper 
surface of the P-type silicon substrate 60. Then, 
the patterned photoresist layer is removed from the 
20 silicon substrate 60. 

Then, as is illustrated in Rg. 4C t an N-type 
epitaxial layer 70 is formed by CVD (chemical 
vapor deposition) method on the entire upper sur- 
face of the substrate 60, in which the buried diffu- 
25 sions layers 66 and 68 have been formed. More 
specifically, the N-type epitaxial layer 70 grows at, 
for example, 1130° C. The epitaxial layer 70 has a 
thickness of 1.2 u.m and contains an N-type impu- 
rity such as phosphorus (P) in the concentration of 
30 about 1 x 10 1S cm -3 . 

As is illustrated in Rg. 4D, photoresist (not 
shown) is coated on the entire upper surface of the 
silicon substrate 60, forming a photoresist layer. 
The photoresist layer is patterned, thereby forming 
35 a patterned photoresist layer which has openings. 
An N-type impurity such as phosphorus is ion- 
injected into the substrate 60 through the openings 
of the patterned photoresist layer, at the accelera- 
tion voltage of 160 KeV and the dose of 5 x TO 12 
40 cm" 2 . An N-type well-regions 72a and 72b are 
thereby formed in the N-type epitaxial layer 70. A 
P-channel MOSFET and a bipolar transistor will be 
formed in the N-type well-regions 72a and 72b, 
respectively, as will be described later. Then, the 
45 patterned photoresist layer is removed from the 
silicon substrate 60. That portion of the epitaxial 
layer 70, which indicated by line I, will be referred 
to as "first bipolar-transistor region," and the N- 
type well-region 72b, which is indicated by line II, 
so will be called "a second bipolar-transistor region." 

Further, photoresist (not shown) is coated on 
the entire upper surface of the substrate 60, there- 
by forming a photoresist layer. This photoresist 
layer is patterned by photolithography, into a pat- 
55 tern photoresist layer which has openings. A P-type 
impurity, such as boron, is ion-injected and dif- 
fused into the silicon substrate 60 through the 
openings of the patterned photoresist layer at ac- 
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celeration voltage of 100 KeV and the dose of 6 x 
10 12 cm- 2 . As a result of this. P-type well-regions 
74 are formed in the surface of the substrate 60. 
Two N-channel MOSFETs will be formed in the P- 
type well-regions 74. Then, the photoresist layer is 
removed from the substrate 60. 

In the step described with reference to Fig. 4D. 
the P-type well-regions 74 can be formed before 
the N-type well-regions 72a and 72b. If this is the 
case, no heat treatment must be performed at 
1050*C or more for ten minutes or longer once 
after the P-type well-regions 74 have been formed. 
Otherwise, the impurity will diffuse from the P - 
type buried layers 68 into the P-type well-regions 
74. 

Thereafter, as is shown in Fig. 4E. a field oxide 
film 76 is formed on the N-type epitaxial silicon 
layer 70 which is formed on the substrate 60 and in 
which there are formed the N-type well-regions 72a 
and 72b and the P-type well-regions 74. The field 
oxide film 76 is formed by, for example, selective 
oxidation, and has a thickness of about 6000 A, it 
functions as an element-isolating region. Before the 
field oxide film 76 is formed, an impurity had ion- 
injected into substantially the whole surface region 
of the epitaxial layer 70. Hence, during the selec- 
tion oxidation, the surface region of the layer 70. 
inversion-preventing layers 77 are formed on the 
N-type well-regions 72a and 72b and also on P- 
type well-region 74. 

Next, dummy gate oxide films 78 having a 
thickness of 150 A are formed on the well-regions 
72a. 72b and 74, each being in an element-forming 
region isolated by the field oxide film 76. An impu- 
rity is ion-injected through the dummy gate oxide 
films 78 into the N-type weli-region 72a and the P- 
type well-region 74, whereby channel ion-injected 
regions 80 and 82 are formed. These regions 80 
and 82 serve to matching the threshold voltages of 
the MOSFETs to be formed, and also to prevent 
punch-through of these MOSFETs. 

Of the channel ion-injected regions 80 and 82, 
the region 80 is formed by effecting ion-injection 
twice. First, ions of boron, which is a P-type impu- 
rity, is injected into the N-type well-region 72a at 
the acceleration voltage of 20 KeV and the dose of 
3 x 10 12 cm" 2 . Then, ions of phosphorus, which is 
an N-type impurity, are injected into the P-type 
well-region 74 at the acceleration voltage of 240 
KeV and the dose of 2 x 10 12 cm" 2 . On the other 
hand, the channel ion-injected region 82 is formed 
by carrying out ion-injection only once. That is, 
ions of boron, which is a P-type impurity, are 
injected into the N-type well-region 74 at the accel- 
eration voltage of 20 KeV and the dose of 4 x 10 12 
cm" 2 . 

Then, phosphorus, i.e., a P-type impurity, is 
ion-injected and diffused into the N-type epitaxial 



layer 70 and the N-type well-region 72b through 
the dummy oxide films 78, at the acceleration 
voltage 320 KeV and the dose of 1 x 10 16 cm" 2 . 
As a result of this, an N*-type external collector 
s region 84 is formed which contacts the N -type 
buried layer 66. 

Next, as is shown in Fig. 4F, the dummy gate 
oxide films 78 are removed from the well-regions 
72a, 72b, and 74. Then, a gate oxide film 86 having 
to a thickness of 150 A is formed by. for example, 
thermal oxidation, on the element-forming regions 
which are isolated by the field oxide films 76. 
Further, a polysilicon layer 88 having a predeter- 
mined thickness is formed by, for example, the 
75 CVD method, on the surface of the field oxide films 
76 and the gate oxide film 86. A phosphorus are 
diffused into the polysilicon layer 88, thereby im- 
parting low resistivity to the polysilicon layer 88. 
As is illustrated in Fig. 4G, the polysilicon layer 
20 88 is patterned by means of photolithography, such 
that two portions of the layer 88 remain on those 
portion of the gate oxide film 86 which are located 
on the N-type well-region 72a and the P-type well- 
region 74, respectively. (Hereinafter, the two re- 
25 maining portions of the layer 88 will be called "gate 
electrodes 88.") Then, the gate oxide film 86 is 
patterned, also by photolithography, such that two 
portions remain on the N-type well-region 72a and 
the P-type well-region 74. The portion of the film 
30 86 remaining on the N-type well-region 72a and the 
gate electrode 88 remaining on this portion of the 
film 86 constitute the gate electrode of, the first 
MOSFET. Similarly, the portion of the film 86 re- 
maining on the P-type well-region 74 and the gate 
35 electrode 88 which remains on this portion of the 
film 86 constitute the gate electrode of the second 
MOSFET. Next, photoresist (not shown) is coated 
on the entire upper surface of the structure, for- 
ming a photoresist layer. Photolithography is per- 
40 formed on this layer, thus making openings in the 
layer. These holes are located above those por- 
tions of the N-type well-region 72a, the N-type 
epitaxial layer 70, and the N-type well-region 72b, 
in which bases will be formed. A P-type impurity 
45 such as boron fluoride (BF 2 ) is ion-injected and 
diffused at the acceleration voltage of 50 KeV and 
the dose of 5 x 10 15 cm" 2 through the openings of 
the photoresist layer (not shown) into the N-type 
well-region 72a, the N-type epitaxial layer 70, and 
so the N-type well region 72b. Asa result of this, a 
P*-type source region 90, a P*-type drain region 
92, and a P*-type external base region 94 are 
formed in the N-type well-region 72a, the N-type 
epitaxial layer 70, and the N-type well-region 72b, 
55 respectively. 

The boron fluoride (BF 2 ) ion-injected though 
that opening of the photoresist layer which is lo- 
cated above the N-type well-region 72a is intro- 
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duced into the N-type well-region 72a through the 
the gate electrode 88 and the field oxide film 76. At 
this stage, the gate electrode 88 and the film 76 
function as masks. Then, photoresist (not shown) is 
coated on the entire upper surface of the structure, 
forming a photoresist layer. Photolithography is ef- 
fected on this photoresist layer, thereby making 
two opening located substantially above the P-type 
well-region 74. Phosphorus, which is an N-type 
impurity, is ion-injected and diffused at the accel- 
eration voltage of 60 KeV and the dose of 4 x 10 13 
cm" 2 , through these openings into the P-type well- 
region 74. As a result of this, an N~-type source 
region 96 and an NT-type drain regions 96 are 
formed in the P-type well-region 74. The gate elec- 
trode 88, the N~-type source region 96. and the 
N~-type drain regions 96 constitute the N-channel 
MOSFET. This N-channel MOSFET is of LDD 
structure since both the source region 96 and the 
drain region 98 have a low impurity concentration. 
At this stage, too. the gate electrode 88 and the 
film 76 are used as masks for ion-injecting phos- 
phorus. 

Next, an oxide film 100 having a thickness of 
about 2000 A is formed on the entire upper surface 
of the structure by means of, for example, the CVD 
method. As is shown in Fig. 4H, the oxide film 100 
is subjected to anisotropic etching such as RIE 
(Reaction Ion Etching), whereby the film 100 re- 
mains only on the sides of the gate electrodes 88. 
The remaining portions of the film 100 will serve as 
side-wall spacers when the N-channel MOSFET of 
the LDD structure is formed. Further, photoresist 
(not shown) is coated on the entire upper surface 
of the structure, forming a photoresist layer. Pho- 
tolithography is carried out on the photoresist layer, 
thereby making openings in the photoresist layer. 
Arsenic (As), which is an N-type impurity, is ion- 
injected and thermally diffused at the acceleration 
voitage of 50 KeV and the dose of 5 x 10 15 cm" 2 , 
through these openings of the photoresist layer into 
the N~-type source region 96 and the N-type drain 
region 98, thereby forming and N*-type source 
region 102 and an N*-type drain region 104. 
Hence, the resultant N-channel MOSFET has the 
LDD structure, as has been described. 

The gate electrode 88, the side-wall spacer 
100, and the field oxide film 76 function as a mask 
for ion-injecting arsenic ion-injected into the source 
region 96 and the drain region 98. The photoresist 
layer (not shown) is removed from the structure, 
and the entire structure is heated at 900* C for 30 
minutes in an oxygen atmosphere, whereby an 
oxide film 106 is formed on the upper surface of 
the structure. Next, photoresist (not shown) is coat- 
ed on the entire upper surface of the structure, 
thus forming a photoresist layer. Photolithography 
is performed on the photoresist layer, thereby mak- 



ing openings located above the N-type epitaxial 
layer 70 and the N-type well-region 72b. Boron 
fluoride (BF 2 ), which is a P-type impurity, is ion- 
injected and diffused at the acceleration voltage of 

s 30 KeV and the dose of 5 x 10 13 cm" 2 , through 
these openings of the photoresist layer into the N- 
type epitaxial layer 70 and the N-type well-region 
72b. As a result of this, P-type internal base re- 
gions 110 of the bipolar transistors are formed in 

70 the layer 70 and the region 72b, respectively. 

Thereafter, as is shown in Fig. 41, the photores- 
ist layer 108 is removed from the structure. Then, a 
CVD oxide film 112 is formed on the entire upper 
surface of the structure. The CVD oxide film 112 is 

15 an inter-layer insulating film. Two contact holes 114 
and one contact hole 116 are made in the CVD 
oxide film 112 by means of, for example, pho- 
tolithography. A polysilicon layer is formed by the 
CVD method on the entire upper surface of the 

20 structure, also filling up the contact holes 114 and 
116 of the oxide film 112. The polysilicon layer is 
patterned by, for example, photolithography, and is 
removed except for two portions 118 and another 
portion 120. Arsenic (As), which is an N-type impu- 

25 rity. is ion-injected at the acceleration voltage of 50 
KeV and the dose of 5 x 10 1S cm -2 into the 
polysilicon layers 118 and 120, using the remaining 
portions 122 of the photoresist layer. As a result of 
this, the resistivity of the polysilicon layers 118 is 

30 reduced, and two N + -type emitter regions 124 are 
formed within the P-type internal base regions 110, 
respectively. At the same time, the resistivity of a 
portion of either polysilicon layer 120 is reduced, 
thus forming the drain wiring and high-resistance 

35 element 126 of the N-channel MOSFET. 

Then, the structure is subjected heat treatment 
known as "rapid annealing" at 900 to 1050° C for 5 
to 60 seconds, whereby the structure has good 
contact characteristic. After the rapid annealing, as 

40 is shown in Fig. 4J, an inter-layer insulating film 
128, which consists of a CVD oxide film and a 
BPSG film, is formed on the entire upper surface of 
the structure by means of. for example, the CVD 
method. Next this inter-layer insulating film 128 is 

45 subjected to re-flow process, thus rendering the 
surface of the structure sufficiently flat. Two contact 
holes 136 are made in the film 128, thus exposing 
the polysilicon layers 118 which serve as the emit- 
ter electrodes of the bipolar transistors. Also, a 

so contact hole 138 is made in the film 128, exposing 
the polysilicon layer 120 which serves as a wiring. 
Further, a contact hole 140 is formed in the inter- 
layer insulating film 128, thus exposing the P*-type 
source region 90 which is the source of the P- 
55 channel MOSFET. 

After the contact holes 136, 138, and 140 have 
been formed in the inter-layer insulating film 128, 
an aluminum film for wiring is formed on the entire 
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upper surface of the structure by means of, for 
example, vacuum vapor deposition. The aluminum 
film, thus formed, is patterned by, for instance, 
photolithography, thus forming two aluminum wires 
142, and also two other aluminum wires 144 and 
146. Thereafter, a surface protection film (not 
shown) or the like is formed on the entire upper 
surface of the structure. Thus, the semiconductor 
device is manufactured. 

It should be noted that the high-resistance ele- 
ment 126 formed in a portion of the polysilicon 
layer 120 can be used as the load resistor of, for 
example, a static memory cell. 

In the embodiment described above, the N- 
channei MOSFET has the LDD structure, whereas 
the P-channel MOSFET has the ordinary structure. 
Needless to say, either MOSFET can be of any 
other structure optimum for its size. 

The impurity profile of the region in which the 
P-channel MOSFET and the second bipolar transis- 
tor are formed, that of the region in which the first 
bipolar transistor is formed, and that of the region 
in which the N-channel MOSFET is formed will now 
be explained, with reference to Figs. 5, 6. and 7. 

Fig. 5 is a graph representing the impurity 
concentration profile common to the N-type well- 
regions 72a and 72b and the N*-type buried layer 
66, in which the P-channel MOSFET and tine sec- 
ond bipolar transistor are formed. As is evident 
from this figure, the layer 66. which is formed deep 
within the semiconductor device, has a impurity 
concentration as high as 1 x 10 19 cm" 3 . The re- 
type well-regions 72a and 72b has an impurity 
concentration of about 3 x 10 16 cm" 3 at their 
surfaces, but their impurity concentration gradually 
decreases toward to the bottoms and is equal to 
that of the N-type epitaxial layer 70 at the portions 
which contact the N*-type buried layer 66. In other 
words, the impurity profile of the N-type well-re- 
gions 72a and 72b inclines. Hence, when the sec- 
ond bipolar has a current amplification factor h F E of 
100, its collector-base breakdown voltage BVcbo 
will be 15V. its emitter-collector breakdown voltage 
BVceo will be 5V, its early voltage V AF will be 10V, 
and its maximum cutoff frequency frMAx will be 
15GHz. Obviously, the maximum cutoff frequency 
fTMAx is high enough to impart excellent high-fre- 
quency characteristic to the the second bipolar 
transistor, In addition, the short-channel effect is 
sufficiently suppressed in the P-channel MOSFET 
since the N-type well-region 72a has a high impu- 
rity concentration. Further, with this structure, a 
minimum gate length of the MOSFET can be re- 
duced to 0.7 am or less. 

Fig. 6 is a graph illustrating the impurity con- 
centration profile common to the N-type epitaxial 
layer 70 and the N*-type buried layer 66, in which 
the first bipolar transistor is formed. As is evident 



from this figure, the layer 66, which is formed deep 
within the semiconductor device, has a impurity 
concentration as high as 1 x 10 19 cm* 3 . In con- 
trast, the N-type epitaxial layer 70 has an impurity 

5 concentration of about 1 x 10 16 cm" 3 at its sur- 
face, but its impurity concentration neither de- 
creases nor increases even in its deepest portion. 
Its portion contacting the N*-type buried layer 66 
has the same impurity concentration as its surface 

io portion. As is seen from Fig. 6, the impurity profile 
of the N-type epitaxial layer 70 does not incline. 
Hence, when the first bipolar has a current am- 
plification factor hpE of 100. like the first bipolar 
transistor, its collector-base breakdown voltage 

75 BVcbo will be 41V, its emitter-collector breakdown 
voltage BVceo will be 13V. its early voltage V A f will 
be 51V, and its maximum cutoff frequency ftMAX 
will be 8GHz. Obviously, the collector-base break- 
down voltage BV CB o. emitter-collector breakdown 

20 voltage BV C eo, and early voltage V AF of the first 
bipolar transistor are higher than those of the sec- 
ond bipolar transistor. Hence, the first bipolar tran- 
sistor has a high breakdown voltage, a great 
current-amplification factor, and good linear char- 

25 acteristic. 

Fig. 7 is a graph representing the impurity 
concentration profile common to the P-type well- 
regions 74 and the P*-type buried layer 68, in 
which the P-channei MOSFET is formed. As is 
30 evident from this figure, the layer 68, which is 
formed deep within the semiconductor device, has 
a impurity concentration as high as 3 x 1Q 17 cm" 3 . 
In contrast, the P-type well-region 74 has^an impu- 
rity concentration of about 3 x 10 16 cm" 3 at its 
35 surface, but its impurity concentration gradually 
decreases toward to the bottom. 

The P-type well-region 74 has been formed by 
ion injection and heat-treated a few times, each 
time at a low temperature for a short time. The 
40 impurity has not diffused from the P*-type buried 
layer 68 into the P-type well-region 74 which is 
located above the buried layer 68. Therefore, the 
N-channel MOSFET has its characteristic un- 
changed, and its reliability is high. 
45 Moreover, a portion of the P*-type buried layer 

68 can maintain a high impurity concentration. 
Hence, the layer 68 can reliably prevent punch- 
through between the N-type well-regions 72a and 
72b. on the one hand, and the N-type epitaxial 
so layer 70, on the other. Further, the layer 68, which 
has a high impurity concentration, makes the mem- 
ory LSI resistant to soft errors which may result 
from the a-rays penetrating into the memory LSI. In 
other words, that portion of the buried layer 68 
55 functions as a barrier keeping the electrons result- 
ing from the a-rays, away from the N-type well- 
regions 72a and 72b. Still further, since the P-type 
well-region 74 has a high impurity concentration, a 
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part of which functions as an electron barrier, the 
short-channel effect is suppressed also in the N- 
type MOSFET. 

As has been described, the first and second 
bipolar transistors of the different types are formed 
on the same semiconductor substrate. Hence, 
these transistors can be used in various types of 
the circuit units in accordance with their character- 
istics. More specifically, the first bipolar transistor, 
whose breakdown voltage is high, can be used in a 
circuit unit to which an external power-supply volt- 
age of 5V is directly applied. On the other, hand, 
the second bipolar transistor, which has good high- 
frequency characteristic, though its breakdown volt- 
age is low. can be used in a circuit unit which is 
applied with an internal power-supply voltage of 3V 
to 3.3V obtained by reducing the external power- 
supply voltage of 5V. When the bipolar transistors 
are used in this specific manner, the semiconduc- 
tor device can meets the demand for a higher 
integration density. To be precise, the device can 
fulfill the requirements of reducing an external 
power-supply voltage into an internal power-supply 
voltage, which is applied to the internal circuit 
units. 

Furthermore, the first and second bipolar tran- 
sistors can be used in circuit units to which the 
external power-supply voltages of different values 
are directly applied. If this is the case, the higher 
external power-supply voltage of 5V is applied to 
the first bipolar transistor, whereas the lower exter- 
nal power-supply voltage ranging from 3V to 3.3V 
is applied to the second bipolar transistor. 

As has been described, the N-type well-region 
72b, in which the second bipolar transistor is 
formed, is formed in the same step as the N-type 
well-region 72a, in which the P-channel MOSFET is 
formed, and has thus the same impurity-concentra- 
tion profile as the N-type well-region 72a. There- 
fore, the method of manufacturing this semiconduc- 
tor device has less steps than otherwise. 

According to the present invention, the impurity 
concentration of the N-type epitaxial layer 70, in 
which the first bipolar transistor is formed, ranges 
from 5 x 10 1S cm" 3 to 2 x 10 16 cm" 3 in practice. 
The impurity concentration of the N-type well-re- 
gions 72a and 72b, and that of the P-type well- 
region 74 ranges from 3 x 10 16 cm" 3 to 2 x 10 17 
cm" 3 in practice. (As as been described, these 
regions 72a, 72b, and 74 are formed by injecting 
impurity ions into the N-type epitaxial layer 70, and 
the P-channel MOSFET and the second bipolar 
transistor are formed in the regions 72a and 72b, 
where as the N-channel MOSFET is formed in the 
region 74.) Either MOSFET has a gate as short as 
about 0.7 urn or less long. 

To make the semiconductor device sufficiently 
resistant to soft errors so that it can be used in a 



memory LSI, the impurity concentration of the P*- 
type buried layer 68 is set at 1 x 10 15 cm" 3 to 5 x 
10 17 cm" 3 , and the thickness of the N-type epitax- 
ial layer 70 is set at 1.0 am to 1.8 urn. In addition, 

s the structure is not heat-treated at 1050* C or more 
for 10 minutes or longer after the N-type epitaxial 
layer 70 has been formed. Otherwise, the impurity 
would diffuse from the P*-type buried layer 68 into 
the well-regions. 

70 As has been described in detail, the present 

invention can provide a semiconductor device 
which has a structure best suited reduce an exter- 
nal power-supply voltage into a low internal power- 
supply voltage in order to attain a high integration 

75 density. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details, the representative device, and 

20 the illustrated example shown and described. Ac- 
cordingly, departures may be made from such de- 
tails without departing from the spirit or scope of 
the general inventive concept as defined by the 
appended claims and their equivalents. 

25 Reference signs in the claims are intended for 

better understanding and shall not limit the scope. 



Claims 

30 

1. A semiconductor device for use in a hybrid 
LSI circuit, said device comprising: a semiconduc- 
tor substrate of a first conductivity type; a MOSFET 
section having a buried layer of a specified con- 

35 ductivity type formed on the semiconductor sub- 
strate, a well-region of the same conductivity type 
as the buried layer and formed in the buried layer, 
a current path having two ends, and a control 
electrode; and at least first and second bipolar 

40 transistors formed on said semiconductor sub- 
strate, located near said MOSFET section, having a 
base, a collector, and an emitter each, and each 
comprising a buried layer of a second conductivity 
type, a well-region of the second conductivity type 

45 formed on the buried layer of the second con- 
ductivity type, and an epitaxial layer of the second 
conductivity type formed on the buried layer of the 
second conductivity type, 

characterized in that the collectors (66, 70, 72b) of 
so said bipolar transistors have different impurity con- 
centrations. 

2. A device according to claim 1 . characterized 
in that the collector (66, 70) of said first -bipolar 
transistor has the same impurity concentration as 

55 that of the collector of said semiconductor sub- 
strate (60) or that of said epitaxial layer (70), and 
the collector (66, 72b) of said second bipolar tran- 
sistor has an impurity concentration higher than 
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that of the collector (66, 70) of said first bipolar conductivity type has an impurity concentration of 

transistor, and has an impurity concentration profile 5 x 10^ cm"* to 2 x 10 16 cm . 

identical to that of a region in which said MOSFET 
section is formed. 

3. A device according to claim 1 , characterized 5 
in that an external power-supply voltage is applied 

to said first bipolar transistor, and a voltage ob- 
tained by reducing the external power-supply volt- 
age and equal to the voltage applied to said MOS- 
FET section is applied to the second bipolar tran- w 
sistor. 

4. A device according to claim 2. characterized 
in that an external power-supply voltage is applied 
to said first bipolar transistor, and a voltage ob- 
tained by reducing the external power-supply volt- ts 
age and equal to the voltage applied to said MOS- 
FET section is applied to the second bipolar tran- 
sistor. 

5. A device according to claim 1, characterized 

in that a first external power-supply voltage is ap- 20 
plied to said first bipolar transistor, and a second 
external power-supply voltage lower than the first 
external power-supply voltage is applied to the 
second bipolar transistor. 

6. A device according to claim 4. characterized 25 
in that the external power-supply voltage applied to 

said first bipolar transistor is about 5V, and the 
voltage applied to the second bipolar transistor 
ranges from 3V to 3.3V. 

7. A device according to claim 5. characterized 30 
in that the first external power-supply voltage is 
about 5V. and the second external power-supply 
voltage ranges from 3V to 3.3V. 

8. A device according to claim 2. characterized 

in that a first external power-supply voltage is ap- 35 
plied to said first bipolar transistor, and a second 
external power-supply voltage lower than the first 
external power-supply voltage is applied to the 
second bipolar transistor. 

9. A device according to claim 8, characterized 40 
in that the first external power-supply voltage is 
about 5V, and the second external power-supply 
voltage ranges from 3V to 3.3V. 

10. A device according to claim 1. character- 
ized in that said well-region (72a, 72b) of the sec- 45 
ond conductivity type has an impurity concentra- 
tion of at least 3 x 10 16 cm" 3 at a surface portion. 

11. A device according to claim 10, character- 
ized in that said well-region (72a, 72b) of the sec- 
ond conductivity type has an impurity concentra- so 
tion of at least 3 x 10' 6 cm"* 3 to 2 x 10 17 cm" 3 at 

a surface portion. 

12. A device according to claim 1, character- 
ized in that said epitaxial layer (70) of the second 
conductivity type has an impurity concentration of ss 
at most 2 x 10 16 cm -3 . 

13. A device according to claim 12, character- 
ized in that said epitaxial layer (70) of the second 
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© A semiconductor device for use in a hybrid LSI 
circuit is disclosed which comprises MOSFETs and 
at least two bipolar transistor -- ail formed on the 
same semiconductor substrate. More specifically, P 
+ -type buried diffusion layers (66) and P*-type 
buried diffusion layers (68) are formed on a P-type 
semiconductor substrate (60). An N-type epitaxial 
layer (70) is formed on these buried layers (66, 68). 
N-type well-regions (72a, 72b) and a P-type well- 



region (74) are formed in the selected portions of the 
N-type epitaxial layer (70). A P-channel MOSFET 
and an N-channel MOSFET are formed in the N-type 
well-region (72a) and the P-type well-region (74), 
respectively. A first bipolar transistor is formed on 
the N-type epitaxial layer (70). A second bipolar 
transistor is formed on the N-type well-region (72b) 
which has an impurity concentration higher than that 
of the N-type epitaxial layer (70). 
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